This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



inn Ui iii 1 1 ii i mi 1 1 ii 

(id EP 0 829 980 A2 

(12) EUROPEAN PATENT APPLICATION 

(43) Date of publication: (51) Int. CI. 6 : H04J 14/02 

18.03.1998 Bulletin 1998/12 

(21) Application number: 97115831.6 



(22) Date of filing: 1 1 .09.1 997 



(84) Designated Contracting States: 


• Harasawa, Shlnichirou, 


AT BE CH DE DK ES Fl FR GB GR IE IT LI LU MC 


c/o Fujitsu Ltd. 


NLPTSE 


Nakahara-ku, Kawasaki-shl, Kanagawa 211 (JP) 


(30) Priority: 17.09.1996 JP 282822/96 


(74) Representative: 


04.08.1997 JP 208899/97 


von FIschern, Bernhard, Dlpl.-lng. et al 




Hoffmann - Eitle, 


(71) Applicant: FUJITSU LIMITED 


Patent- und Rechtsanwdlte, 


Kawasaki-shl, Kanagawa 211 (JP) 


Arabellastrasse 4 




81925 MQnchen (DE) 


(72) Inventors: 




• Iwata, Hiroyuki, 




Fujitsu Dig. Techn., Ltd. 




Koukohu-ku, Yokohama-shi, Kanagawa 222 (JP) 





(54) Optical communications system 



(57) When a branching unit combines a first optical 
signal transmitted from a branch station with a second 
optical signal which is different in power level from the 
first optical signal and is transmitted from a terminal sta- 
tion A or B in an optical add-drop system, the S/N ratio 
of the lower power level of the two different power levels 
decreases, thereby deteriorating the system perform- 
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ance. Therefore, a dummy light is transmitted together 
with an optical signal to adjust the power level of the 
optical signal. Otherwise, an optical attenuator or an 
active optical signal level adjustment unit is provided for 
the branching unit so that both optical signals to be 
combined can be equal in level. 
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Description 

Background of the Invention 

Field of the Invention s 

The present invention relates to an optical commu- 
nications system applicable to long-distance communi- 
cations such as underseas cable communications, etc. 

10 

Description of the Related Art 

Recently, optical communications systems have 
been widely developed to realize large-capacity and 
high-speed communications systems. Especially when is 
a large volume of information is to be simultaneously 
transmitted, an optical wave-length multiplexing system 
is highly evaluated and is studied for practical use in the 
near future. In the optical wave-length multiplexing sys- 
tem, an optical signal which carries information and 20 
have a plurality of wavelengths is wavelength-multi- 
plexed for transmission. An optical signal of each wave 
length corresponds to at least one communications 
channel. In the optical wavelength multiplexing system 
applicable to the long-distance communications such as 25 
underseas cable communications, an optical add-drop 
system is under development in which an optical signal 
having a specific wavelength or an optical signal along a 
specif ic channel among optical signals wavelength-mul- 
tiplexed in the communications line is branched to trans- 30 
mit an optical signal along a channel branched to a 
terminal station, and the optical signal transmitted from 
the terminal station with the same wavelength as the 
branched channel is combined again to the optical sig- 
nal transmitted through the original transmission line for 35 
transmission to the terminating station. 

FIGs. 1 A through 1F show the conventional optical 
add-drop system and the problem with the system. 

FIG. 1 A is a block diagram showing the entire con- 
figuration of the optical add-drop system. The basic 40 
configuration in the optical add-drop system has a ter- 
minal station A as a transmitting station for transmitting 
an optical-wavelength multiplexed optical signal, a ter- 
minal station C as a receiving station for receiving a sig- 
nal from the terminal station A, a branching unit 1 1 00 for 45 
branching or combining an optical signal of a specific 
wavelength in the optical signals from the terminal sta- 
tion A, and a terminal station B for receiving the optical 
signal branched by the branching unit 1 100, and trans- 
mitting new information with an optical signal having the so 
same wavelength as the received optical signal. Nor- 
mally in the underseas cable communications, the 
branching unit 1100 is mounted underseas to transmit 
optical signals to, for example, the terminal stations A, 
B, and C provided in different nations. Typically, the dis- 55 
tance between the terminal stations A and c is approxi- 
mately 3,000km, and the branching unit 1100 is 
provided around the central point between these sta- 



tions. Since the intensity of an optical signal is attenu- 
ated when the optical signal is transmitted for a long 
distance, the transmission lines between the terminal 
station A and the branching unit 1 100, between the ter- 
minal station B and the branching unit 1100, and 
between the terminal station C and the branching unit 
1100 have a plurality of optical amplifiers 1101, 1102, 
and 1 103 respectively. FIG. 1 A shows the optical ampli- 
fiers 1 101, 1 102, and 1 103 apiece for respective trans- 
mission lines for a simple illustration, but there are 
actually much more optical amplifiers for each transmis- 
sion line. Normally, each of the optical amplifiers 1 101, 
1102, and 1103 has an automatic output level control 
circuit (ALC circuit) to keep the output level of each of 
the optical amplifiers 1 1 0 1 , 1 1 02 , and 1 1 03 constant so 
that the optical signal can be constantly amplified to a 
specific output level. 

FIG. 1A shows the transmission line for one-way 
communications. Actually, the circuit is designed to 
establish two-way communications, that is, up-line and 
down-line communications. 

FIGs. 1 B through 1 F show an optical Signal and its 
problem in each transmission line. 

FIG. 1B shows the optical signal at point A in FIG. 
1 A. In the case shown in FIG. 1 B, optical signals having 
four different wavelengths are wavelength-multiplexed 
and transmitted from the terminal station A. The mound 
under each optical signal is called an amplified sponta- 
neous emission (ASE) noise. It is produced when a 
noise superposed to an optical signal is amplified with 
the optical signal by an optical amplifier. The character- 
istics of the operations of the optical communications 
system depend on the S/N ratio of the optical signal to 
the ASE. 

In the branching unit 1 100, the optical signal having 
a wavelength X 1 is branched and transmitted to the ter- 
minal station B, and an optical signal having the wave- 
length X 1 is transmitted from the terminal station B to the 
terminal station C. 

An optical signal having a wavelength other than 
wavelength ^ in the signal (FIG. 1B) transmitted from 
the terminal station A is not branched by the branching 
unit 1 100, but is transmitted as is to the terminal station 
C. The terminal station B receives the optical signal hav- 
ing wavelength X 1 and transmits an optical signal having 
the same wavelength ^. FIG. 1C shows the state at 
point B of the signal transmitted from the terminal sta- 
tion B and amplified by the optical amplifier 1102. The 
branching unit 1100 combines the optical signal having 
wavelength ^ transmitted from the terminal station B 
with the light having wavelength through A, 4 , and 
transmits the result to the terminal station C. 

FIG. 1 D shows the state at point C of the optical sig- 
nal from the terminal station B which is combined by the 
branching unit 1100 and amplified by an optical ampli- 
fier 1103. FIGs. 1C and 1D show the case where the 
power level of an optical signal is equal to that of each 
other when the optical signal from the terminal station B 
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is combined with the optical signal from the terminal sta- 
tion A. In this case, an optical signal having any wave- 
length indicates the same S/N ratio to the ASE noise as 
shown in FIG. 1D. 

FIG. 1 E also shows the state of the optical signal at 
point B. In this case, the power level of the optical signal 
from the terminal station B is high. When the power level 
of the optical signal from the terminal station B is high, 
the state of the optical signal at point C after being com- 
bined by the branching unit 11 00 and being amplified by 
the optical amplifier 1103, becomes as shown in FIG. 
1 F. Therefore, although the S/N ratio of wavelength X 1 is 
high, because the operation characteristics of the opti- 
cal communications system are based on the lower S/N 
ratio, when the S/N ratios of the other wavelengths are 
low, the system is recognized as poor in operation char- 
acteristics. 

FIGs. 2A, 2B, 3A, and 3B show the operation of the 
optical amplifier and the S/N ratio. 

In this example, the two optical signals having dif- 
ferent wavelengths are multiplexed, and an optical sig- 
nal of a total of OdBm power is input to the optical 
amplifier. The optical amplifier includes an automatic 
output level control circuit having a gain of 10dB and an 
optical output is limited to 10dBm. The state of the opti- 
cal signal at the input terminal is -3dBm each for the 
power of the optical signals of two wavelengths, a total 
of OdBm as shown in FIG. 2A. FIG. 2B shows the output 
when such optical signals are input to the optical ampli- 
fier. That is, the optical signal of each wavelength is 
amplified, and the power of each optical signal is 
+7dBm with a total power of the output light indicating 
+10dBm. On the other hand, the ASE noise is also 
amplified, and the S/N ratio to the ASE noise of each 
optical signal is 30dB. Therefore, the operation charac- 
teristic of the optical amplifier indicates the S/N ratio of 
30dB. 

FIGs. 3A and 3B show the case where an input 
optical signal is multiplexed with an optical signal having 
a different power level. The characteristic of the optical 
amplifier is the same as that of the optical amplifier 
shown in FIGs. 2A and 2B. However, as shown in FIG. 
3A, a total power of the optical signals having two differ- 
ent wavelengths is OdBm with the power level of one 
optical signal indicating - 1 .5dBm while the other optical 
signal indicating - 4.5dBm. There is 3dB difference 
between the power levels. If such optical signals are 
input, the output is obtained as shown in FIG. 3B. That 
is, the higher power level of the optical signal between 
the two input signals is +8.5dBm while the lower power 
level of the optical signal is +5.5dBm because the opti- 
cal signal having each wavelength is amplified such that 
the total power level of the output signals can be the 
above described value, that is. the output of the optical 
amplifier is fixed to +10dBm. At this time, the ASE noise 
is amplified and the S/N ratios are different between the 
wavelengths. That is, the S/N ratio of the wavelength 
indicating the higher power level is an acceptable value 



while the S/N ratio of the wavelength indicating the 
lower power level is relatively undesired. Since the oper- 
ation characteristic of the optical amplifier is evaluated 
by the undesired S/N ratio, the performance of the opti- 

s cal amplifier is considered to be poor. 

In the optical add-drop system as described above 
by referring to FIG. 1 A, a lot of optical amplifiers are 
inserted between the terminal station and the branching 
unit. In the branching unit, an independently generated 

10 optical signal from the terminal station A is combined 
with an optical signal from the terminal station B, and 
amplified by the optical amplifier. The optical signals of 
respective wavelengths from the terminal stations A and 
B may not match in power when they are combined 

is because of the transmission distance and the difference 
in output. Furthermore, the power level of the optical 
signal may not be controlled Just as designed even if 
the system has been formed by carefully computing the 
output power and the attenuation of the optical signal in 

20 the designing step. In this case, there arises a differ- 
ence in S/N ratio between the optical signal having a 
lower power level and the optical signal having a higher 
power level after the amplification through the optical 
amplifier as described by referring to FIGs. 2A, 2B, 3A, 

25 and 3B. The operation characteristic of the system is 
evaluated by the S/N ratio of the optical signal having 
the lower power level, that is, the undesired S/N ratio. 

When the power level of the optical signal from a 
branch station is different from that of the optical signal 

30 from the transmitting station, the evaluation is made 
based on the lower S/N ratio indicating the transmission 
characteristic of the optical signal, thereby considering 
the system to be poor in performance. 



The present invention aims at providing an optical 
communications system capable of compensating the 
difference between the power level of the optical signal 
40 from the transmitting station and the optical signal from 
the branch station, and maintaining a high system per- 
formance. 

The optical communications system according to 
the present invention includes a transmitting station for 

45 transmitting a wavelength-multiplexed optical signal; a 
receiving station for receiving the optical signal; a 
branch station for receiving an optical signal having a 
specific wavelength in the wavelength-multiplexed opti- 
cal signals and transmitting the optical signal on the 

so specific wavelength; and a branching unit for branching 
the optical signal having the specific wavelength from 
the optical signal transmitted from the transmitting sta- 
tion, transmitting it to the branch station, and combining 
the optical signal transmitted from the branch station 

55 with the optical signal which has the wavelength other 
than the specific wavelength and has been transmitted 
from the branch station. The signals are combined with 
their power levels matching each other. 



35 Summary of the Invention 
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In an optical communications system including a 
transmitting station for transmitting a wavelength-multi- 
plexed optical signal; a receiving station for receiving 
the optical signal; a branch station for receiving an opti- 
cal signal having a specific wavelength in the wave- 5 
length-multiplexed optical signals and transmitting the 
optical signal on the specific wavelength; and a branch- 
ing unit for branching the optical signal having the spe- 
cific wavelength from the optical signal transmitted from 
the transmitting station, transmitting it to the branch sta- 10 
tion, combining the optical signal transmitted from the 
branch station with the optical signal from the transmit- 
ting station; and transmitting the result to the receiving 
station, the branching unit according to the present 
invention branches the optical signal having the specific 15 
wavelength from the optical signal transmitted from the 
transmitting station, transmits it to the branch station, 
and combines the optical signal transmitted from the 
branch station with the optical signal which has the 
wavelength other than the specific wavelength and has 20 
been transmitted from the branch station. The signals 
are combined with their power levels matching each 
other. 

Otherwise, the terminal station according to 
another aspect of the present invention includes an opti- 25 
cal transmission signal transmitting unit for generating 
an optical transmission signal modulated using the data 
to be transmitted; a dummy light generation unit for gen- 
erating a dummy light different in wavelength from the 
optical transmission signal; a wavelength multiplexing 30 
unit for wavelength-multiplexing the dummy light and 
the optical transmission signal; and a level adjustment 
unit for adjusting the output level of the dummy tight. 

In the method of controlling the optical communica- 
tions system according to another aspect of the present 
invention with a system including a first optical terminal 
station; a second terminal station, a third terminal sta- 
tion; an optical branching unit for connecting the first 
through third optical terminal station; and an optical 
amplifier for maintaining an output signal at a constant 
level between the optical branching unit and the second 
optical terminal station wherein the branching unit 
wavelength-multiplexes the optical transmission signals 
from the first and second terminal stations and trans- 
mits the result to the third terminal station, the second 
optical terminal station controls the optical transmission 
signal level of an output light from the optical amplifier 
by transmitting the dummy light different in wavelength 
from the optical transmission signal and adjusting the 
level of the dummy light. 

Otherwise, in the terminal station in the optical com- 
munications system according to the present invention 
with a system including a first optical terminal station; a 
second terminal station, a third terminal station; an opti- 
cal branching unit for connecting the first through third 
optical terminal station; and an optical amplifier for 
maintaining an output signal at a constant level between 
the optical branching unit and the second optical termi- 



nal station wherein the branching unit wavelength-multi- 
plexes the optical transmission signals from the first and 
second terminal stations and transmits the result to the 
third terminal station, the second optical terminal station 
includes an optical transmission signal transmitting unit 
for generating an optical transmission signal modulated 
using data to be transmitted; a dummy light generation 
unit for generating a dummy light having a wavelength 
different in wavelength from the optical transmission sig- 
nal; a wavelength multiplexing unit for wavelength-multi- 
plexing the dummy light and the optical transmission 
signal; and a level adjustment unit for adjusting the out- 
put level of the dummy light. 

In the optical communications system, the terminal 
station, or the branching unit according to the present 
invention, when the optical signals in those transmitted 
from the transmitting station for transmitting wave- 
length-multiplexed optical signals, but excluding those 
having a specific wavelength to be transmitted to the 
branch station are combined by the branching unit with 
the optical signals having the specific wavelength trans- 
mitted from the branch station, the combination can be 
performed with the power levels of both optical signals 
matching each other. Thus, the difference in power level 
between the optical signals after the combination pre- 
vents the S/N ratio of the signal at the lower power level 
from being lowered and the system performance from 
being deteriorated. That is, the present invention can 
realize an optical add-drop system capable of applying 
the system performance at a high level for a long time. 

Brief Description of the Drawings 



FIGs. 1A through 1F are diagrams for explaining 
35 the conventional add-drop system and its problems; 
FIGs. 2A and 2B are diagrams (1) for explaining the 
operation of the optical amplifier and the S/N ratio; 
FIGs. 3A and 3B are diagrams (2) for explaining the 
operation of the optical amplifier and the S/N ratio; 
AO FIG. 4 shows the first embodiment of the present 
invention; 

FIG. 5 shows an example of the optical attenuator 
according to the first embodiment; 
FIG. 6 shows the configuration according to the 
45 second embodiment of the present invention; 

FIG. 7 shows the entire configuration according to 
the third embodiment of the present invention; 
FIG. 8 shows the configuration for the add-drop of 
the optical signal in the branching unit according to 
50 the third embodiment of the present invention; 

FIGs. 9A through 9C show the characteristic of the 
branching unit shown in FIG. 8; 
FIGs. 10A and 10B show the state of the add opti- 
cal signal input to the branching unit in which the 
55 add optical signal is combined and the output light 
from the branching unit to the receiving station; 
FIGs. 1 1 A and 1 1 B show the case where a dummy 
light is used as a control means according to the 
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third embodiment of the present invention; 
FIQ. 12 is a block diagram showing a part of the 
configuration of the terminal station as a transmit- 
ting station and a receiving station; and 
FIG. 13 is a block diagram showing the configura- 
tion of a branch station. 

Description of the Preferred Embodiments 

FIG. 4 shows the first embodiment according to the 
present invention. 

FIG. 4 shows the configuration in which a branching 
unit 16 adjusts the power level of an optical signal from 
a branch station. Although only a down-line from the 
transmitting station to the receiving station is shown in 
FIG. 4, an up-line from the receiving station to the trans- 
mitting station is actually mounted. 

The optical signal is transmitted from the transmit- 
ting station, wavelength-multiplexed, input to a circulator 
10 and then to a fber grating 1 1 . In the fiber grating 1 1 , 
only the optical signal having the wavelength to be 
transmitted to the branch station is reflected, and other 
signals pass straight. The optical signal reflected by the 
fiber grating 11 is input to the circulator 10 again and 
transmitted to the branch station. When the optical sig- 
nal passing straight through the fiber grating 1 1 also 
passes through an isolator 12 and a fiber grating 13, 
enters a circulator 14, is combined with the optical sig- 
nal transmitted from the branch station, and is then 
transmitted to the receiving station. When the optical 
signal transmitted from the branch station is input to the 
circulator 14, it is transmitted to the fiber grating 13. 
Since the wavelength of the optical signal transmitted 
from the branch station is equal to that reflected by the 
fiber grating 1 1 , it is also reflected by the fiber grating 
13, input to the circulator 14 again, and transmitted to 
the receiving side. The excess light which has not been 
reflected by the fber grating 13 is prevented by the iso- 
lator 12 from being propagated to the transmitting sta- 
tion. When the optical signal transmitted from the 
transmitting station is combined with the optical signal 
transmitted from the branch station in the circulator 14, 
the S/N ratio is lowered when the signals are amplified 
by the optical amplifier if there is a difference between 
the power levels of the optical signals having respective 
wavelengths. In the case according to the present 
embodiment, an optical attenuator 15 is provided in the 
transmission line through which an optical signal is 
transmitted from the branch station. The optical attenu- 
ator 15 adjusts the power level of the optical signal from 
the branch station to make the optical signal transmitted 
from the transmitting station match in power level the 
optical signal transmitted from the branch station. 
Therefore, the system performance in the optical add- 
drop system can be maintained high. 

FIG. 5 shows an example of the optical attenuator 
according to the first embodiment of the present inven- 
tion. 



The optical attenuator shown in FIG. 5 is obtained 
by fusing the single mode fiber or the dispersion shifted 
fibers (DSF) 20 and 21 with their optical axes shifted 
from each other. The single mode fiber or the DSF 20 or 

5 21 comprises cores 22 and 24, and cladding 23 and 25 
for protecting the cores 22 and 24. They are fused at a 
fusion portion 26. The core 22 and the core 24 are a lit- 
tle shifted from each other, and there is a loss of light 
when an optical signal passes this portion. Therefore, 

re the optical signal after passing through this portion is 
lower in power level than the optical signal detected 
before the optical signal passes through the portion. 
Therefore, the power level of the optical signal transmit- 
ted from the branch station can be adjusted. Such con- 

y 5 nections of the optical f bers are referred to as an axis- 
shifted splice. 

When the axis-shifted splice is used as a method of 
configuring the optical attenuator, the connection 
between the optical fibers is fixed and the attenuation of 

20 an optical signal is also fixed. Therefore, the attenuation 
of the optical signal is adjusted by the axis-shifted splice 
only once when the system is designed. However, since 
the optical attenuation can be maintained at a constant 
level for a long time, a reliable optical attenuator can be 

25 obtained in the case where the branching unit is pro- 
vided underseas for use in underseas cable communi- 
cations, and where the branching unit cannot be 
frequently maintained. 

Because a unit which performs a splicing process 

30 usually contains equipment for detecting attenuation of 
the optical signal, the optical attenuation is normally 
adjusted by adjusting the amount of the shift of the opti- 
cal axis of the optical fiber while confirming the optical 
attenuation when the optical fiber is spliced. Thus, an 

35 appropriate optical attenuation can be realized. 

The configuration of the optical attenuator is not 
limited to the above described axis-shifted splice, but 
can be optionally determined within the range normally 
anticipated by one of ordinary skill of the art. 

40 FIG. 6 shows the configuration of the second 
embodiment of the present invention. 

Also in the present embodiment, a branching unit 
30 is designed in a way that the power level of the opti- 
cal signal transmitted from the branch station is 

45 adjusted to match the power level of the optical signal 
transmitted from the transmitting station. In FIG. 3, only 
the down-line from the transmitting station is indicated. 
(Actually, there can be an up-line.) 

The optical signal transmitted from the transmitting 
so station is amplified by an optical amplifier 31, and 
branched by a coupler 32. Since the branching process 
in this example is performed to monitor the power level 
of the optical signal from the transmitting station, the 
power of the most optical signals is designed not to 
55 branched, but to pass straight. From the optical signals 
which pass straight, the optical signals having the wave- 
lengths to be transmitted in a circulator 33 and a fiber 
grating 34 to the branch station are retrieved, and the 
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retrieved optical signals are transmitted to the branch 
station. The optical signals having the other wave- 
lengths pass further straight through the isolator 35, and 
a f toer grating 36 and a circulator 37 combine the optical 
signal from the branch station and transmit the result to 
the receiving station. 

The optical signal branched in coupler 32 is con- 
verted into an electric signal by a photodiode 38 in a 
control circuit 400, and input to a comparator 39. The 
optical signal transmitted from the branch station is 
input to an optical amplifier 43. amplified, and branched 
by a coupler 44. At this point, most optical signals pass 
straight, and are combined with the optical signals pass- 
ing straight from the transmitting station by the circulator 
37 and fiber grating 36, and the result is transmitted to 
the receiving side. The optical signal branched in the 
coupler 44 is converted into an electric signal by a pho- 
todiode 41 in the control circuit 400. The power level of 
the signal converted into an electric signal and received 
by a level converter 40 is adjusted and input to the com- 
parator 39. The level converter 40 is provided for the fol- 
lowing reason. That is, the optical signal received by the 
photodiode 38 is transmitted after the optical signals 
having, for example, eight different wavelengths are 
transmitted from the transmitting station and multi- 
plexed. However, the optical signals received by the 
photodiode 41 are transmitted from the branch station, 
and contain the optical signals having, for example, four 
wavelengths in the eight different wavelengths used in 
transmitting the optical signals from the transmitting sta- 
tion. Therefore, the optical signals received by the pho- 
todiode 38 contain 8 optical signals while the optical 
signals received by the photodiode 41 contain only four 
optical signals. If the power levels of these optical sig- 
nals are directly compared, those received by the pho- 
todiode 38 are naturally higher. However, it is necessary 
to make the power level of each wavelength of the opti- 
cal signal transmitted from the branch station match the 
power level of each wavelength of the optical signal 
which has been transmitted from the transmitting station 
and has not been dropped (retrieved) to the branch sta- 
tion. Therefore, the power level of the 4-wave-mutti- 
plexed optical signal from the branch station is 
converted by the level converter 40 to match the power 
level of the 8-wave-multiplexed optical signal from the 
transmitting station. Then, the result is input to the com- 
parator 39. 

The comparator 39 compares the power levels of 
the thus obtained electric signals and the comparison 
result is input to an operational amplifier 42. The com- 
parison result is compared with the reference value 
(ref), and a control signal is issued to the optical ampli- 
fier 43 if there is a difference between the power level of 
the optical signal from the branch station and the power 
level of the optical signal from the transmitting station so 
that the power level of the optical signal from the branch 
station can be adjusted in a way that the power level of 
each wavelength of the optical signal passing straight 



from the transmitting station can be made to match the 
power level of each wavelength of the optical signal out- 
put from the optical amplifier 43. 

Thus, when the optical signals are combined by the 

5 circulator 37 and the fiber grating 36, the power levels of 
both optical signals can be equal to each other. There- 
fore, the above described deterioration of the system 
performance caused by the optical amplifier while the 
optical signal is being transmitted to the receiving termi- 

10 nal can be successfully prevented. 

The above described configuration of the branching 
unit is only an example, and there can be a number of 
variations which are implied by the technological con- 
cept of the present embodiment. 

is FIG. 7 shows the third embodiment of the present 
invention. 

According to the first embodiment and the second 
embodiment, the difference in level between an optical 
transmission signal passing through the branching unit 

20 and an optical signal inserted from the branch station is 
adjusted in the branching unit. On the other hand, 
according to the third embodiment, the level of an opti- 
cal signal is adjusted under the control on the terminal 
side before the signal is input to the branching unit. 

25 Practically, a dummy light different in wavelength 
from an optical transmission signal is transmitted, and 
the level of the transmission signal is adjusted by 
changing the level of the dummy light in an optical termi- 
nal station. 

30 That is, by raising the level of the dummy light, the 
level of the optical transmission signal is lowered when 
it passes through the optical amplifier. By lowering the 
level of the dummy light, the level of the optical trans- 
mission signal is raised when it passes through the opti- 

35 cal amplifier. 

FIG. 7 shows the conf iguration of the system com- 
prising, at an optical terminal station 1 , an optical trans- 
mission signal transmitting unit 1-1; a dummy light 
generation unit 1-2 for generating a dummy light at an 

40 optical terminal station; a level adjustment unit 1-3 for 
adjusting the level of the dummy light; and a wavelength 
multiplexing unit 1 -4 for combining the optical signals of 
different wavelengths. With this configuration, the level 
of the optical transmission signal is adjusted. 

45 FIG. 8 shows the third embodiment of the present 
invention. 

The configuration of the system is as shown in FIG. 
7, comprising an optical terminal station 1 ; an optical 
transmission signal transmitting unit 1-1 ; a dummy light 

so generation unit 1-2 for generating a dummy light at an 
optical terminal station; a level adjustment unit 1-3 for 
adjusting the level of the dummy light; and a wavelength 
multiplexing unit 1-4 for combining the optical signals of 
different wavelengths. With this configuration, the level 

55 of the optical transmission signal is adjusted. 

A signal from the optical terminal station 1 is ampli- 
fied by the optical amplifier 6 when it is transmitted to 
the optical terminal station 2 through an optical amplifier 
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6. Thus, the optical signal level can be changed based 
on the level of a dummy light. 

By raising the level of the dummy light, the level of 
the optical transmission signal is lowered when rt 
passes through the optical amplifier 6. By lowering the s 
level of the dummy light, the level of the optical trans- 
mission signal is raised when it passes through the opti- 
cal amplifier 6. 

That is. when the optical signals having wave- 
lengths different from each other in power level are input 10 
to the optical amplifier, the output of the optical amplifier 
can be set constant as described in the description of 
the prior art. As a result, there arises a difference in 
power level after the amplification between the optical 
signals one of which indicates a high power level while is 
the other indicates a low power level when input to the 
optical amplifier. Based on this, a dummy light capable 
of being variable in output level and different in wave- 
length from an optical signal, is transmitted together 
with the optical signal containing information data when 20 
the optical signal is transmitted from the branch station. 
Thus, the power level of the optical signal can be 
adjusted when the optical signal passes through optical 
amplifiers 60-1 through 60-n and 61-1 through 61-n. 

FIG. 7 shows the entire configuration according to 25 
the third embodiment of the present invention. 

FIG. 7 shows the configuration of the optical add- 
drop system in which terminal stations A and B are con- 
nected to each other using an up-line and a down-line 
through a branching unit 51. Also, a line is branched 30 
from the branching unit 51 , and an up-line and a down- 
line are provided so that a branch station 53 can trans- 
mit and receive an optical signal. The transmission lines 
for connection of the terminal stations A, B, the branch 
station 53, and the branching unit 51 are provided with 35 
optical amplifiers 55-1 through 55-n, 56-1 through 56-n, 
57-1 through 57-n, 58-1 through 58-n, 59-1 through 59- 
n, 60-1 through 60-n, 61-1 through 61-n, and 62-1 
through 62-n, each of which has an ALC circuit thereby 
amplifying the optical signal when the optical signal is 40 
transmitted over a long distance. The branching unit 51 
has an up-line and a down-line. The up-line comprises 
an optical circulator 33 for inputting an optical transmis- 
sion signal from the optical terminal station A to a fiber 
grating 34 and transmitting an optical transmission sig- 45 
nal having a specific wavelength from the fiber grating 

34 to a branch station 53; an optical isolator 35 for pass- 
ing a light which has passed through the fiber grating 
34; and an optical circulator 37 for inputting the optical 
signal from the branch station 53 to the fiber grating 36 so 
and outputting a light reflected from the optical isolator 

35 and the fiber grating 36 to the optical terminal station 
B side. The down-line comprises an optical circulator 
33' for inputting an optical transmission signal from the 
optical terminal station B to a fiber grating 34* and trans- 55 
mitting an optical transmission signal having a specific 
wavelength from the fiber grating 34' to a branch station 
53'; an optical isolator 35* for passing a light which has 



passed through the fber grating 34'; and an optical cir- 
culator 37' for inputting the optical signal from the 
branch station 53* to the fber grating 36* and outputting 
a light reflected from the optical isolator 35' and the fiber 
grating 36' to the optical terminal station B side. 

The branch station 53 comprises a receiving unit 1 - 
6 for receiving an optical transmission signal from the 
down-line; the optical transmission signal transmitting 
unit 1-1 for transmitting an optical transmission signal; 
the dummy light generation unit 1-2 for changing the 
level of a dummy light upon receipt of the signal from the 
receiving unit 1-6; the wavelength multiplexing unit 1-4 
for wavelength-multiplexing the output from the dummy 
light generation unit 1-2 and the optical transmission 
signal transmitting unit 1-1; a receiving unit 1-6' for 
receiving an optical transmission signal from the up- 
line; the optical transmission signal transmitting unit 1-1 ' 
for transmitting an optical transmission signal; the 
dummy light generation unit 1-2' for changing the level 
of a dummy light upon receipt of the signal from the 
receiving unit 1-6*; and the wavelength multiplexing unit 
1-4* for wavelength-multiplexing the outputs from the 
dummy light generation unit 1-2' and the optical trans- 
mission signal transmitting unit 1-1*. 

The adjustment between the power level of the opti- 
cal signal from the branch station 53 and the power level 
of the optical signal from the terminal station A or B is 
made using dummy light generation units 1-2 and 1-2' 
provided in the branch station 53, optical spectrum ana- 
lyzers 65 and 66 provided in the terminal stations A and 
B. The dummy light generated by the dummy light gen- 
eration units 1-2 and 1-2' should be different in wave- 
length from the optical signal. 

That is. when a dummy light is multiplexed and 
transmitted with the optical signal transmitted from the 
branch station 53, the output of the optical signal can be 
adjusted depending on the power level of the dummy 
light when they pass through the optical amplifier. For 
example, when the power level of the optical signal is 
higher than that of the dummy light, the output of the 
optical signal is larger than that of the dummy light after 
it is amplified by the optical amplifier. On the other hand, 
when the power level of the dummy light is higher than 
that of the optical signal, the output of the dummy light 
is larger than that of the optical signal after it is amplified 
by the optical amplifier, and the optical signal indicates 
a lower power level. Since the output of the optical sig- 
nal remains constant, the sum of the output power of the 
dummy light and the output power of the optical signal 
should be constant. Therefore, changing the power level 
of the dummy light also changes the power level of the 
optical signal output from the optical amplifier. 

The terminal stations A and B for receiving an opti- 
cal signal are provided with the optical spectrum analyz- 
ers 65 and 66 for detecting the power levels of the 
signals having respective wavelengths in the received 
optical signal. It is determined whether or not there is a 
difference in power level by detecting the power level of 
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each wavelength of the optical signal transmitted from 
the branch station 53 and the optical signal directly 
transmitted from the terminal station A or B. The result 
is transmitted to the branch station 53 with an optical 
signal, tf the receiving unit of the branch station 53 rec- 
ognizes that the optical signal transmitted by the branch 
station 53 is different in power level from the optical sig- 
nal directly transmitted from the terminal station A or B, 
then the power level of the dummy light of the dummy 
light generation units 1 -2 and 1 -2' is adjusted so that the 
power level of the optical signal transmitted from the 
branch station 53 and output from the optical amplifier 
can be adjusted. Thus, the power level of the optical sig- 
nal having each wavelength is constantly monitored by 
the receiving terminal station, and the power level of the 
dummy light is adjusted by the branch station 53 so that 
power level of the optical signal transmitted from the 
branch station 53 and the power level of the optical sig- 
nal directly transmitted from the terminal station A or B 
can be approximately equal to each other when they are 
combined by the branching unit 51. Therefore, a high 
system performance can be maintained without deterio- 
rating the operation characteristics as a system only 
because the optical signal having optically-multiplexed 
wavelengths indicates a low power level and then a 
deteriorated S/N ratio. 

FIG. 8 shows the configuration for the add-drop of 
the optical signal in the branching unit according to the 
third embodiment of the present invention. 

In FIG. 8, the units in the up-line are omitted. The 
branching unit according to the third embodiment has 
only the function of performing the add-drop of the opti- 
cal signal. That is, the optical signal transmitted from the 
transmitting station and wavelength-multiplexed passes 
through a circulator 70 and input to fiber gratings 73 - 1 
through 73 - 4. Each of the f iber gratings 73 - 1 through 

73 - 4 functions to reflect the optical signal having 
unique wavelength. That is, the fiber gratings 73 - 1 . 73 
- 2, 73 - 3, and 73 - 4 selectively reflect the optical sig- 
nals having the wavelength X\ t X^ t Xq, and X* respec- 
tively from the optical signal transmitted from the 
transmitting station, and input the respective optical sig- 
nals to the circulator 70 again. The optical signal 
reflected by the fiber gratings 73-1 through 73 - 4 
enters the circulator 70 again, takes a different path, 
and is transmitted to the branch station as a drop optical 
signal. The optical signal not reflected by the fiber grat- 
ings 73 - 1 through 73 - 4 passes through an isolator 72, 
and fiber gratings 74 - 1 through 74 - 4, enters a circula- 
tor 71, is combined with the add optical signal transmit- 
ted from the branch station, and is transmitted to the 
receiving station. 

The add optical signal and a dummy light transmit- 
ted from the branch station are input to the circulator 71 , 
and are transmitted to the f ber gratings 74 - 1 through 

74 - 4. As described above, the optical signals having 
wavelengths ^ through X 4 are reflected, input to the cir- 
culator 71 again, and transmitted to the receiving sta- 



tion. At this time, the dummy light transmitted together 
with the optical signal as an add signal is not reflected 
by the fiber gratings 74 - 1 through 74 - 4 nor passes 
through the isolator 72. Thus, most of the signals are 

5 dispersed. With this configuration, the dummy light is 
not transmitted to the receiving station side. 

FIGs. 9A through 9C show the characteristics of the 
branching unit shown in FIG. 8. 

FIG. 9A shows the passage characteristics from the 

w transmitting station to the receiving station. The incident 
light from the transmitting station is white light and FIG. 
9A indicates the transmission characteristic around the 
isolator 72 (FIG. 8). FIG. 9A indicates that the optical 
transmission intensity is lowered around four central 

is wavelengths. It implies that the fiber gratings 73 - 1 
through 73 - 4 reflect the light having these wave- 
lengths, and the light is not output to the isolator 72. The 
wavelength other than a specific wavelength keeps 
unchanged in intensity. Therefore, with the configuration 

20 shown in FIG. 8, only the optical signal having a specif ic 
wavelength can be selectively prevented from passing. 

FIG. 9B shows the characteristic of the drop of the 
optical signal from the transmitting station to the branch 
station. The light from the transmitting station is white 

25 light FIG. 9B indicates that the light having the wave- 
length of low transmittance shown in FIG. 9A is 
retrieved on the contrary, and is transmitted to the 
branch station. The light having four different wave- 
lengths is reflected by fiber gratings 73 - 1 through 73 - 

30 4 shown in FIG. 8, and is transmitted to the branch sta- 
tion by the circulator 70. 

FIG. 9C shows the transmission characteristics of 
the optical signal from the branch station to the receiv- 
ing station. In this case, no lights are input from the 

35 transmitting station, and a white light is input from the 
branch station to check what type of wavelength is 
detected. In this case, the light input from the branch 
station is transmitted by the circulator 71 to the fiber 
gratings 74 - 1 through 74 - 4, and the light having the 

40 same wavelength as the case shown in FIG. 9B is 
reflected. Then, the light is input to the circulator 71 
again, and output to the receiving station. As shown in 
FIG. 9C, the light having four different wavelengths is 
output, and the other lights are output only as low-level 

45 noises. 

FIGs. 10A and 10B show the add optical signal 
input to the branching unit, and show the state of the 
output light from the branching unit, in which the add 
optical signal is combined, to the receiving station. 

so As shows FIG. 10A, it is assumed that a 4-wave 
multiplexed signal is transmitted from the branch sta- 
tion. If the signal is combined with the optical signal from 
the transmitting station without control as in the conven- 
tional technology, the combination results as shown in 

55 FIG. 1 0B. In this example, an 8-wave multiplexed signal 
is transmitted from the transmitting station, and it is 
assumed that the optical signal (1) having 4 shorter 
wavelengths shown by FIG. 10 A is add<lropped by the 
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branching unit 

If the optical signal from the branch station as 
shown in FIG. 10A is combined with the optical signal 
(2) from the transmitting station without any control, 
there arises a difference in power level between the s 
optical signal (2) passing from the transmitting station 
and the optical signal (1) from the branch station as 
shown in FIG. 10B because the power level of the opti- 
cal signal from the branch station is different from the 
power level of the optical signal from the transmitting 10 
station. In the case shown in FIG. 10B, the power level 
of the optical signal from the branch station is higher. 
That is, the optical signal shown by (1) is an optical sig- 
nal from the branch station whereas the optical signal 
shown by (2) is an optical signal passing in the branch- is 
ing unit toward the receiving station. In FIG. 10A and 
10B, the mound-shaped portion indicates the ASE 
noise. 

FIGs. 11 A and 1 1B show the case where a dummy 
light is used as a control means according to the third 20 
embodiment of the present invention. 

FIG. 11 A indicates an optical signal containing a 
dummy light transmitted from the branch station to the 
branching unit. (4) indicates an optical signal containing 
information. (3) indicates a dummy light. As clearly rec- 25 
ognized by comparing FIG. 11A with FIG. 10A, if the 
power level of the dummy light (3) is higher, then the 
power level of the optical signal (4) containing informa- 
tion becomes relatively low. In the case shown in FIG. 
1 0B, the optical signal at a higher power level from the 30 
branch station is combined. Therefore, a difference in 
power level occurs between the optical signal from the 
branch station and the optical signal from the transmit- 
ting station directly to the receiving station. However, 
the power level of the optical signal (4) containing the 35 
information from the branch station can be lowered 
using the dummy light (3) as shown in FIG. 1 1 A. There- 
fore, the difference in level can be reduced almost down 
to zero between the optical signal (5) output from the 
transmitting station to the receiving side in the branch- 40 
ing unit and the optical signal (4) transmitted from the 
branch station as shown in FIG. 1 1 B. The optical signal 
corresponding to (3) shown in FIG. 1 1 B is the dummy 
light which has not been completely dispersed in the 
branching unit and has been output to the receiving sta- 45 
tion. 

In the above described example, the power level of 
the optical signal containing the information transmitted 
from the branch station is relatively higher. If its power 
level is lower, the optical signal (4) containing the infor- so 
mation can be relatively higher by lowering the power 
level of the dummy light. Therefore, the power level of 
the optical signal (5) from the transmitting station can be 
made to match the power level of the optical signal (4) 
from the branch station by adjusting the oulput of the ss 
dummy light in the branch station depending on the sit- 
uation, thereby maintaining the high system perform- 
ance. 



The above described technology can be applied to 
the optical wavelength multiplexing communications 
indicating a higher multiplicity other than the 8-wave 
transmission, or to the optical wavelength multiplexing 
communications indicating a lower multiplicity. The 
wavelength of the dummy light does not have to be nec- 
essarily shorter, but can be any type as long as it is in 
the range of the band used to amplify an optical signal 
in the optical amplifier. 

FIG. 1 2 is a block diagram showing a part of the ter- 
minal station as a transmitting station and a receiving 
station. 

If the optical signal is transmitted from the branch- 
ing unit through the up-line, then a coupler 90 partly 
branches the optical signal. The coupler 90 branches 
the optical signal at the rate of, for example, 10:1. Most 
optical signals pass through the coupler 90 and is 
branched by couplers 91 and 92. Each of the branched 
optical signals is extracted as the signal having each 
wavelength (a optical signal along each channel) 
through optical filters 93 - 1 through 93 - 3. The optical 
signal having each wavelength is amplified by preampli- 
fiers 94 - 1 through 94 - 3, received by optical receivers 
95 - 1 through 95 - 3, and converted into an electric sig- 
nal. A demultiplexer 97 retrieves the information and 
transmits it to the information processing unit not shown 
in FIG. 12. 

The optical signal branched by the coupler 90 is 
input to an optical spectrum analyzer 96, and the power 
level of the optical signal of each wavelength is 
checked. The reception level difference of the optical 
signal is retrieved as information. It is written to the infor- 
mation communications format of the optical signal (for 
example, POH (pass overhead) of SDH/SONET) in the 
data format generation unit not shown in FIG. 12, and 
an electric signal is generated in a way that it is applied 
to the format with other information signals. These proc- 
esses are performed by a multiplexer 98 shown in FIG. 
12. The data signal output from the multiplexer 98 is 
converted into the optical signals having respective 
wavelengths by optical transmitting units 99 - 1 through 
99 - 3 provided for each channel, each optical signal 
having each wavelength amplified using post amplifiers 
100-1 through 100-3, and transmitted. Thus gener- 
ated optical signal having each wavelength is combined 
by couplers 101 and 102, and transmitted to a terminal 
station or a branch station through the down-line. 

The terminal station which receives the optical sig- 
nal not only retrieves the information contained in the 
optical signal, but also detects the difference in power 
level of the optical signal having each wavelength using 
the optical spectrum analyzer 96, and transmits it again 
as the information inserted into a part of the main sig- 
nal. 

In FIG. 12, the number of times the wavelength of 
an optical signal is multiplexed is 3, but the number is 
not limited to 3. Based on FIG. 12, of the three optical 
receivers 95 - 1 through 95 - 3, two optical receivers 
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receive the optical signal from the branch station, and 
the remaining one optical receiver receives the optical 
signal which is transmitted from the terminal station, 
that is, a transmitting station, and passes through the 
branching unit. Similarly, of the optical transmitting units 
99 - 1 through 99 - 3, two units transmit the optical sig- 
nal having a wavelength for transmission to the branch 
station, and the remaining one unit transmits the optical 
signal having a wavelength for transmission to the ter- 
minal station, that is. the receiving station. 

FIG. 13 is a block diagram showing a part of the 
branch station. 

Through the down-line, the optical signals having 
two different wavelengths (not limited to two) is transmit- 
ted from the branching unit. A coupler 1 18 branches the 
optical signal. Optical filters 1 19 - 1 and 1 19 - 2 extract 
an optical signal having each wavelength. The optical 
signals having respective wavelengths are amplified by 
preamplifiers 120 - 1 and 120 - 2, and converted into 
electric signals by optical receivers 121 - 1 and 121 - 2. 
Demultiplexer 122 retrieves the information and trans- 
mits the information to the information processing unit 
not shown in FIG. 13. 

The demultiplexer 122 extracts the information writ- 
ten in the data transmission format of the optical signal 
obtained by the optical spectrum analyzer (for example, 
the reception level difference of an optical signal of each 
wavelength transmitted from the terminal station in the 
POH area in the SDH/SONET) in the terminal station, 
and transmits the information to the computer 117. 

The computer 117 sends the data information to be 
transmitted as a signal to the optical transmitters 114-1 
and 114 - 2, and the optical signal having each wave- 
length is generated. Furthermore, the branch station 
comprises a dummy light generation unit 1 15 to output 
a dummy light. The optical signal having each wave- 
length and the dummy light are amplified by post ampli- 
fiers 113-1 through 113-3, and combined by couplers 
1 1 1 and 1 12 for transmission. The combined optical sig- 
nal is branched by a coipler 110. The coupler 110 
branches a light at the rate of, for example, 10:1, pass- 
ing most of the light as is, and branching a small part of 
it. The optical signal branched by the coupler 110 is 
input to an optical spectrum analyzer 116, and the 
power level difference of each wavelength of the optical 
signal output from the branch station is detected. 

The detection result of the optical spectrum ana- 
lyser 1 16 is input to the computer 1 1 7, and is compared 
with the information about the reception level difference 
at the terminal station extracted by the demultiplexer 
122. The control signal of the transmission power of the 
dummy light is transmitted to the post amplifier 113-3. 
Thus, the reception level difference between the optical 
signal transmitted from the branch station and the opti- 
cal signal transmitted to the receiving station without 
dropping between the terminal station and the branch- 
ing unit can be monitored. Based on the monitor result, 
the transmission power level of the dummy light is 



adjusted. As a result, the difference in power level 
between the optical signal transmitted from the branch 
station and combined by the branching unit and the opti- 
cal signal not dropped can be controlled to be reduced 

5 down to almost zero. Therefore, the deterioration in S/N 
ratio from the power-level-difference can be prevented, 
and the high system performance can be maintained. 

As shown in FIG. 13, the optical signal transmitted 
to the branch station is carried with two different wave- 

w lengths. However, the system configuration is not lim- 
ited to this application, but the wavelength multiplicity of 
the optical signal transmitted from the terminal station 
and the wavelength multiplicity of the optical signal 
transmitted to the branch station should be appropri- 

is ately determined as necessary in each designing step. 
According to the present invention, the difference in 
power level between the optical signal having each 
wavelength transmitted from the branch station in a 
branching unit and the optical signal of each wavelength 

20 not dropped can be compensated when they are com- 
bined. The system performance can be prevented from 
being lowered by the deterioration of the S/N ratio of the 
lower power level. Therefore, the optical add-drop sys- 
tem capable of maintaining a high system performance 

25 can be provided. 

Claims 



1 . An optical terminal station comprising: 

optical transmission signal transmitting means 
for generating an optical transmission signal 
modulated using data to be transmitted; 
dummy light generation means (1-2, 1-2', 115) 
for generating a dummy light different in wave- 
length from the optical transmission signal; 
wavelength multiplexing means (1-4, 1-4', 111) 
for wavelength-multiplexing the dummy light 
and the optical transmission signal; and 
level adjustment means (113-3) for adjusting 
an output level of the dummy light. 

2. The optical terminal station according to claim 1, 
wherein 

said dummy light has a wavelength of a same 
wavelength band as the optical transmission 
signal. 



50 3. A method of controlling an optical communications 
system having an optical amplifier for maintaining a 
constant output signal at least between a pair of 
optical terminal station, wherein 

55 said optical terminal station transmits an opti- 

cal transmission signal and a dummy light dif- 
ferent in wavelength from the optical 
transmission signal, and adjusts a level of the 
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dummy light, thereby controlling a level of the 
optical transmission signal of an output light of 
the optical amplifier. 

4. The method according to claim 3, wherein s 

said dummy light has a wavelength of a same 
wavelength band as the optical transmission 
signal. 

10 

5. A method of controlling an optical communications 
system having a first optical terminal station, a sec- 
ond optical terminal station, a third optical terminal 
station, an optical branching unit for connecting the 
first through third optical terminal stations, and an is 
optical amplifier for maintaining a constant output 
signal between the optical branching unit and the 
second optical terminal station whereby the optical 
branching unit wavelength-multiplexes optical 
transmission signals from the first and the second 20 
terminal stations and transmits the signals to the 
third terminal station, wherein 

said second optical terminal station transmits a 
dummy light different in wavelength from an 25 
optical transmission signal and adjusts a level 
of the dummy light to control an optical trans- 
mission signal level of an output light from the 
optical amplifier. 

30 

6. The method according to claim 5, wherein 

said dummy light has a wavelength of a same 
wavelength band as the optical transmission 
signal. 35 

7. The method according to claim 5, wherein 

said branching unit comprises a wavelength 
selection fitter for transmitting only the optical 40 
transmission signal to the third optical terminal 
station to prevent the dummy light from being 
transmitted to the third optical terminal station. 

8. The method according to claim 5, wherein 45 

said third optical terminal station detects level 
information about an optical transmission sig- 
nal transmitted from said first optical terminal 
station and said second optical terminal sta- so 
tion, and transmitting the level information to 
said second optical terminal station; and 
said second optical terminal station controls a 
level of the dummy light. 

55 

9. An optical terminal station having a first optical ter- 
minal station, a second optical terminal station, a 
third optical terminal station, an optical branching 



unit for connecting the first through third optical ter- 
minal stations, and an optical amplifier for maintain- 
ing a constant output signal between the optical 
branching unit and the second optical terminal sta- 
tion whereby the optical branching unit wavelength- 
multiplexes optical transmission signals from the 
first and the second terminal stations and transmits 
the signals to the third terminal station, wherein 

said second optical terminal station comprises: 

optical transmission signal transmitting 
means (1-1, 1-1\ 114-1, 114-2) for gener- 
ating an optical transmission signal modu- 
lated using data to be transmitted; 
dummy light generation means (1-2, 1-2\ 
1 15) for generating a dummy light different 
in wavelength from the optical transmis- 
sion signal; 

wavelength multiplexing means (1-4, 1-4\ 
111) for wavelength-multiplexing the 
dummy light and the optical transmission 
signal; and 

level adjustment means (113-3) for adjust- 
ing an output level of the dummy light. 

10. The optical terminal station according to claim 9, 
wherein 

said branching unit comprises a wavelength 
selection fitter for transmitting only the optical 
transmission signal to the third optical terminal 
station to prevent the dummy light from being 
transmitted to the third optical terminal station. 

11. An optical communications system having a first, a 
second, and a third optical terminal stations (A, B, 
53), comprising: 

an optical branching unit (51) for connecting 
the first through the third optical terminal sta- 
tions; and 

an optical amplifier provided between said 
branching unit (51) and the second optical ter- 
minal station (53), wherein 

said second optical terminal station 
comprises: 

means (1-1, 1-V. 114-1, 114-2) for gener- 
ating an optical transmission signal modu- 
lated by data to be transmitted; 
means (1-2, 1-2', 115) for generating a 
dummy light different in wavelength from 
the optical transmission signal; and 
level adjustment means (113-3) for adjust- 
ing an output level of the dummy light. 

12. The system according to claim 1 1 , wherein 
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said branching unit (51) comprises dummy light 
removing unit for removing the dummy light. 

1 3. The system according to claim 1 1 , wherein 

5 

said third optical terminal station (A, B) detects 
level information about an optical transmission 
signal transmitted from said first optical termi- 
nal station and said second optical terminal 
station (53), and transmitting the level informa- 10 
tion to said second optical terminal station; and 
said second optical terminal station (53) con- 
trols a level of the dummy light. 

14. The system according to claim 1 1 , wherein is 

said optical amplifier comprises an automatic 
output level control circuit for keeping an output 
level constant. 

20 

15. An optical communications system, comprising: 

a transmitting station for transmitting a wave- 
length-multiplexed optical signal; 
a receiving station for receiving the optical sig- 25 
nal; 

a branch station for receiving an optical signal 
having a specific wavelength in the wave- 
length-multiplexed optical signal and transmit- 
ting the optical signal with the specific 30 
wavelength; and 

branching means (16) for branching the optical 
signal having the specific wavelength from an 
optical signal transmitted from the transmitting 
station, transmitting the branched signal to the 35 
branch station, and combining an optical signal 
transmitted from the branch station with an 
optical signal having a wavelength other than 
the specific wavelength with power levels of 
both optical signals set equal to each other. ao 

16. The optical communications system according to 
claim 15, wherein 

said branching means (16) comprises an opti- 45 
cal attenuator (15) and adjusts the power level 
of the optical signal from the branch station. 

17. The optical communications system according to 
claim 15, wherein so 

said branching means (30) compares the 
power level of the optical signal from the trans- 
mitting station with the power level of the opti- 
cal signal from the branch station, and adjusts ss 
the power level of the optical signal from the 
branch station based on a comparison result. 



18. The optical communications system according to 
daim17, wherein 

said branching means (30) comprises: 

an optical amplifier (43) capable of adjust- 
ing a gain; and 

means (400) for adjusting the power level 
of the optical signal from the branch station 
by changing the gain of the optical ampli- 
fier. 

19. A branching unit in an optical communications sys- 
tem having a transmitting station for transmitting a 
wavelength-multiplexed optical signal; a receiving 
station for receiving the optical signal; a branch sta- 
tion for receiving an optical signal having a specific 
wavelength in the wavelength-multiplexed optical 
signal and transmitting the optical signal with the 
specific wavelength; and a branching unit for 
branching the optical signal having the specific 
wavelength in optical signals from the transmitting 
station, transmitting the branched signal to the 
branch station, combining an optical signal trans- 
mitted from the branch station with an optical signal 
from the transmitting station, and transmitting the 
combined signal to the receiving station, wherein 

said optical signal having the specific wave- 
length is branched from an optical signal trans- 
mitted from the transmitting station; said 
branched signal is transmitted to the branch 
station, and an optical signal transmitted from 
the branch station is combined with an optical 
signal having a wavelength other than the spe- 
cific wavelength with power levels of both opti- 
cal signals set equal to each other. 



20. The branching unit according to claim 19, further 
comprising an optical attenuator (15) whereby the 
power level of the optical signal from the branch 
station is adjusted. 

21. The branching unit according to claim 19, wherein 

said power level of the optical signal from the 
transmitting station is compared with the power 
level of the optical signal from the branch sta- 
tion, and said power level of the optical signal 
from the branch station is adjusted based on a 
comparison result. 

22. The branching unit according to claim 21, further 
comprising: 

an optical amplifier (43) capable of adjusting a 
gain; and 

means (400) for adjusting the power level of the 
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optical signal from the branch station by chang- 
ing the gain of the optical amplifier. 
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